The avian habitats in Eastern Europe are poorly managed in last decades. It is of highly noteworthy influence importance to obtain more information regarding the link between birds' presence and environmental features in wetlands to improve this poorly managed system. In our study we investigated the effects of the various habitat, landscape fragmentation and weather variables on the bird assemblages in Eastern Romania, described by diversity, species richness and abundance of non-passerine birds in wetlands. Poisson regression modelling revealed wetland area, wetland heterogeneity, proportion of open-water, density of patches and habitats, landscape shape and temperature conditions have a noteworthy influence on the bird assemblages (p<0,05). Our results suggest that the link between environmental features and birds' assemblage, in our study areas could be dependent on the presence of the emergent vegetation (shelter / reproduction zones), the balance between open-water area (feeding / nesting zones) and also other variables, as the temperature, the presence of the human living facilities and/or intensive fish nurseries in the neighboring zones. Waterbird distribution and abundance in eastern part of Romania are driven by similar factors to other part of the world and this study could be one of the first published on the topic in a region where It is a lack of information on waterbirds ecology. Such studies would bring valuable information about the ecologic factors influencing the lives of the birds, in the areas that were not stueid before, resulting in better conservation efforts and wetland protection, in estern part of Europe.
Introduction
The relationships between bird assemblage and environmnetal factors are more important for nature conservation and management of bird diversity (Tews et al. 2004 ; Chettri et al. 2005) . The bird assemblage is defined as the diversity, species richness (number of bird species) and abundance of birds (González-Gajardo et al. 2009). A good knowledge of biotope selectivity is essential, especially for understanding bird community relationships (Kristan et al. 2007) , and for protecting the species and the wetlands (Preiszner and Csörgő 2008; Kristan et al. 2007 ).
Bird assemblage, especially diversity could be an excellent indicator of the effectiveness of wetlands management (Ma et al. 2010 ; Kahara et al. 2012 ), but diversity, on its own, does not offer an adequate measure of the value of wetlands (Weller 1999) . Owing to this, we must often take into account the habitat heterogeneity (González-Gajardo et al. 2009 ), which is defined differently from author to author. Heterogeneity is considered as the diversity of habitats (the type of habitats and their surfaces) (Magurran 1988) , the spatial arrangement of habitats (Schipper et al. 2011) , which can chang throughout the seasons. Also, the presence of nonpasserine birds in wetlands in one season is related to restrictive weather conditions (Pulido 2007) . A wetland from temperate zone is on the one hand milder than the surroundings during the winter, and on the other hand it is a constant water source during arid seasons.
However, few studies have examined relationships between environmental characteristics and wetland birds in Eastern Europe in general or in Romania in particular and it is still unclear which features influence the most the bird life cycle (Celada and Bogliani 1993; González-Gajardo et al. 2009 ; Tews et al. 2004 ). To highlight the relationships between bird assemblages and environmental heterogeneity and to fill some degree of knowledge in this concern, we studied four different sites characterised by high variation in habitat structure. We believe that these characteristics allow us to make a comparison between them. We studied the relationships between environmental features and bird assemblages at a local level to reveal relative importance of habitat and weather characteristics on bird diversity, species richness and abundance. We assumed that the estimation errors when assessing presence of birds at a small scale were few (Rondinini et al. 2006) . At local level, the study census methods could cover the entire area in a brief period, facts which do not include extrapolation errors. The fact that our estimates of local species richness and abundance are relevant in terms of conservation of wetland birds is further supported by: (1) management and conservation actions are usually implemented at small spatial scales (Fairbairn and Dinsmore 2001) and (2) local species richness could be an ecological indicator for value of wetland bird habitats (Wretenberg et al. 2010; Oja et al. 2005 ).
This study could be a base for future research concerning the link between the changes of the habitat features and the conservation management in existing conditions of Romania, which appear different from those in some other parts of Europe, mainly of Western Europe. In Romania, wetlands are less affected by the human impact. Furthermore, in Eastern Romania habitat resources use are very close to the traditional ones, being for the time being more environmentally friendly. In these areas, there are still used traditional agricultural and aquaculture practices, which mask the influence of intense human activity, and the relationship between birds and habitat features is less influenced throughout the phenological cycle.
The present paper aims to reveal the intricate relation between bird assemblages and environmental features in the wetlands of eastern part of Romania. Moreover, we have wanted to check if in the areas with high heterogeneity and extended areas the diversity, the number of species and the abundance of birds are also high; we have also wanted to verify if the ecological groups of representative birds for the analysed wetlands contribute differently, according to the season and the area, to the general tendency of the presence of the birds. Last, we wanted to see which of the environmental factors is correlated with the presence of the birds. In the last we tested the influence of spatial configuration of habitats (heterogeneity, shape and fragmentation) and local weather conditions on bird assemblages. Further, since climatic and habitat niches of birds are correlated (Newton 1998 , p.317), we verified connections between bird assemblages and local weather conditions.
Methods

Study area
The eastern part of Romania hosts two of the largest wetland areas in the country, the first one is the Danube Delta -Biosphere Reserve and the second one is represented by the wetlands from the Moldavian Plain. Our study area is in the north part of the Moldova region and it is focused on four artificial wetland areas: Cârja lakes, Larga Jijia lakes, Vlădeni lakes and Hălceni lake (Fig. 1) . These sites were selected based on their habitat heterogeneity and their differences in management policy as they are explained below. They are located on one of the main migration routes from Romania to Africa (Ion 1992 ) and represent important sites for breeding and stopover during migration for many bird species. All four wetland areas are semi-natural, with some swamp (wetlands) converted for industrial use, like aquaculture and irrigation reservoirs. Human influence in these areas peaked during their construction, but as the sites have been established, human impact is now minimal and the wetlands continue to develop naturally in these areas.
Bird counts
During winter (December, January, February), migratory seasons (springMarch and April; autumn -August, September, Octomber, November) and breeding season (May, June, July) bird counts were conducted from sunrise to noon (12: (Thompson, 2002) , as alternative to undjusted counts. We considered only nonpasserine species. In all the conducted surveys, we began near the wetlands at fixed points, where most of the surface area and the edge of the lakes was visible. We found and counted all the birds present (Bibby et al. 2000) , in each season, using binoculars (10 × 50) and telescopes (20 × 60) . If the weather conditions were too harsh (heavy rains, strong winds), we did not go in the field.
During the breeding season, we identified wetland colonies of aquatic bird species, and we counted individuals entering and getting-out (leaving area or entering and leaving water). We also made observations from several fixed points to enable counting of the individuals of non-colonial species (e.g. Marsh Harrier -Circus aeruginosus) and to identify bird species based on their vocalization. After the survey time, the observer walked around the perimeter of the wetland areas to identify any unseen birds. During our observations, we counted only birds which were seen in front of us. The scanning range was aprximatively about 180 0 . We avoided double counting, making abstraction by the birds behind us. The same approach was used for bird species identified by song. The number of species and abundance were figured out during each survey. The Shannon-Wiener species diversity index (Hill 1973; Krebs 1999) was calculated for each species and each site. For the diversity calculation, the abundance of every observed species was considered to be the greatest number of observed individuals per species and season (as is suggested by Le Viol et al. 2012 ). Species' richness was found for each site and each season. Abundance for each site and season was considered as an mean of the sum of all observed individuals across all species. We did not account the variations produced during the years due to a lack of data continuity between years. The observed birds were split in eight ecological groups: waterfowls (WF), waders (W), gulls and terns (GT), herons and egrets (HE), open areas birds (OAB), birds of prey (BP), forest birds (FB) and others (in the last category we included species like King Fisher (Alcedo atthis), Bee-Eater (Merops apiaster), Common Swift (Apus apus), Collared Dove (Streptopelia decaocto) and Domestic Pigeon -Columba livia forma domestica).
Habitat characteristics
In order to characterise the habitats from the studied areas, we used GIS and remote sensing methods, combining field work with laboratory digitizing and data analysis.
Using GPS devices (Garmin EX), we validated the delignation of the habitats from each wetland in every season, between 2009 and 2012. From one season to another we found insignificant differences in habitats size and only few changes in habitat type proportions (less than 10%). Water level of our study sites did not vary significantly between spring and autumn because water volume is kept for fish farms, at a constant level by fishing companies. Reedbed management practices included freshwater inputs that promoted tall, permanently inundated reed-beds, with minimal detritus accumulation. During winter, all areas were covered by ice for some periods.
Concerning habitats, we created a geodatabase in vector format, based on aerial photographs with 0.4 m resolution (corresponding to 1:2000 representation scale), using MicroImages TNTmips v.7.3 and ESRI ArcGis v.9.3 software, using Universal Transverse Mercator projection system with WGS84 datum.
First, we identified in the field, specific types of birds' habitats, according to classes suggested by Crick 1992 (Fig. 2) , which include the criteria for land management and human activity. Afterwards, we added specific waypoints with geographical coordinates for each habitat.
In the second step, working in the lab, we projected waypoints over aerial photography and we interpreted photographic images and we digitised, onscreen, the areas corresponding to each habitat waypoint. The scale used for onscreen digitisation was 1:300, and minimal area digitised was 0.0025 hectares. The habitats' surface areas, in hectares, were extracted from the table attached to habitats vector (see Table 1 ).
Apart from the wetlands, each study area includes an outer buffer zone of 500 m width from the lakes limits, as suggested by Tozer et al. 2010 . This length (500 m) is the largest distance for non-passerines bird identification during our surveys by using binoculars or telescopes. We identified ten habitat types ( Fig. 2) : rural human site, dam, road network, tilled land, vineyard/orchard, grassland, broad-leaved forest, gravel pit or sand pit, reed swamp, water bodies.
From the resulting vector layers with habitats we computed habitat features. Twelve physical and vegetation features (see Table 1 , and mean distance between settlements and wetlands (DSW). WD information for each study area was obtained from area administrator, and although differences in WD between seasons or years have often occurred, these differences have been insignificant (<10%) and changed rapidly (e.g. from one day to another). For these reasons we chosen to use the mean of water depth. An index for the shoreline shape is given by the ShD, with its abundance of bays which are suited to water birds (Traut and In order to describe landscape fragmentation, we calculated patch density (PD, n/ha; n -number of patches), patch richness density (PRD), n/ha (nnumber of habitats), landscape shape (LS, the shape of the studied area, assessed as detailed by Schipper et al. 2011) , and patch shape diversity (PSD) (see Table 2 ). LS is calculated using the following formula:
as suggested by Bogaert et al. 2002 , where S is shape index, P is the perimeter of patch i, and A is the area of patch i, where i is the study area. The PSD was calculated using the Shannon-Wiener diversity index (Hill 1973; Krebs 1999) , by using information on patch shape index from study areas, calculated using Multi-Variate Statistical Package v.3.21. 
Weather data
The data referring to weather were taken from the European Climate Assessment & Dataset ECA&D (Klein Tank et al. 2002) free dataset and the parameters considered important for bird habitat were the mean, maximum and minimum daily temperatures, daily precipitation, and daily atmospheric pressure (see Table 3 ). The data were analysed for the same period as birdmonitoring period. The data from the ECA&D dataset were extracted for 3 weather stations (Galați, Iași, Botoșani) covering the entire study region. 
Data analysis
High-quality habitats are those categories of land-use, where many species and individuals of birds could be present (Mattison and Norris 2005) . We checked if the best habitat (in terms of demographic parameters) may not necessarily be the habitat with the highest density of birds (Van Horne 1983).
In order to emphasise the differences between bird assemblages from our studied sites we compared species richness, species diversity (Shanon-Wiener Index) and non-passerines abundance, using means and standard erors (SD). In the graph the variable, species richness and abundance were log transformed.
We realised Agglomerative hierarchical clustering (AHC) (Kaufman and Rousseeuw 1990), using Bray Curtis distance, for the bird groups in every studied area, for the abundance of four of the most representative ecological bird groups in every season and in the end, we emphasised the dissimilarity between each wetland site in each season. AHC works from the dissimilarities between the birds' ecological groups and respectively wetlands to be grouped together.
We used a Poisson regression (Stepwise model selection, likelihood criterion) (as is suggested by O'Hara and Kotze 2010) to determine habitat characteristics, landscape fragmentation features or weather conditions which could explain bird assemblages in each season. Separate analyses were performed for each dependent variable with all potential predictor variables (as is suggested by González-Gajardo et al. 2009), during each season. We used pvalue (Jongman et al, 1995) to test significance of the results. All statistical analyses were computed in Microsoft Excel by using XLSTAT package and SQL syntaxes.
Results
In the study area, from the spring of 2009 to the winter of 2012 we had recorded 123 non-passerines bird species (50% of non-passerines species from Romania, migratory or non-migratory) (see suplimentary material). When one compares the areas under observation, one can see that there are differences in the bird diversity indexes in these areas (Fig. 3) , depending on the highest or smalles values of habitat values for each wetland. Cârja, the largest area (620.94 ha) with one of the highest WH index (0.92) and with the smallest OWA (11.78%), the highest VC/OWA ratio (3.01), had the highest values of bird diversity index (2.51), the largest number of species (59) and the lowest mean abundance (656). Hălceni, the area with highest WH index (0.96) and with the largest OWA (27.18%), lowest VC/OWA ratio (0.67) had intermediate values to other zones, for bird diversity index (2.21), species richness (53) and mean abundance (1790). Mean bird abundance was the highest at Larga Jijia (2427), with one of the lowest WH (0.85), and with an equilibrium between VC and OWA (VC/OWA=1.04). Vlădeni, which is described by the smallest area (154.63 ha) and WH index (0.84), an intermediate value to the others for VC/OWA (1.35), had the lowest diversity bird index (1.53) and the fewest species (39). When we analyse the AHC dissimilation for each of the four studied areas, we see that two big clusters can be differentiated in a significant way. In one of them there are water birds which prefer shallow water, like WF, W, GT and HE; in the second one there are the birds which prefer open areas, forests and reed. Even among the ecological groups from the first category one can sees a significant dissimilation, because some of them use exclusively the water surface area or marshes (GT and W), while others also use in some proportions the areas with emergent vegetation (WF and HE).
Analysing the AHC on main bird aquatic ecological groups for each season and lake, we saw that the lowest abundance was seen during winter. During spring migration, individual numbers is increasing, but it lasts a very brief period. The general number of birds is dwindling during summer at nesting time, and grows to the highest during autumn migration, when besides nesting individuals, some juveniles and some migrating species from the North are added (Fig. 5) . WF have a different behaviour at Larga Jijia, where we can see an increased number during summer, unlike the number present in autumn in the other lakes.
GT have a bigger abundance in autumn, in Larga Jijia and Vladeni, where they have extended water areas and also shelter areas. They are also present in a larger number in Halceni in summer, where they gather especially in summer to feed themselves from those areas.
W are seen more often in summer and in autumn in Halceni and Larga Jijia, and their number is four times bigger than in the other two wetlands; this is caused by the existence of some widespread areas with shallow water in these areas.
HE have a bigger abundance in summer, in Carja, where they nestle and also in autumn in Larga Jijia, where they find excellent places for feeding and shelter.
According to AHC for each studied area (Fig. 6) , there is a different model according to the season. In the spring Carja shelters a vast number of species, while the other three areas have a smaller number of birds because they are geographically closed one from the other (Fig. 1) , and the birds distribute themselves uniformly. In the nesting period, Larga Jijia and Halceni are significative different. Larga Jijia is favourable for nesting, having larger areas with reed (see Table 1 ), and at Halceni the number of birds is low. Most of the birds that are present here to feed themselves in this period and come from Vladeni and Larga Jijia or other close areas with which these wetlands have connections. Carja and Vladeni have a lower number of species than Larga Jijia in the summer and although they differ when it comes to the surface (see Table 1 ), the differences are not so high when it comes to the abundance of birds.
In autumn, Larga Jijia and Carja are significant different from other areas because they have larger areas which can offer support for a larger number of birds which are migrating.
In the winter, Halceni differs from the rest of the lakes because it has bigger water surface area, as it is described above, and higher WD (3.42m) (see Table 1 ), which freezes only in some years and for a relative brief period of time. Carja and Larga Jijia are also different because, at Carja, being positioned in a southern part, the temperature conditions are gentler and so it offers the possibility of birds to stay and shelter here for a longer period of time during winter.
We can draw some models from the AHC analyse. The ecological bird groups which characterises the best the abundance of water birds in the studied areas are WF, W, GT and HE. Those areas with a bigger surface with high percentage of vegetation cover have more individuals as Carja and Larga Jijia during seasons without ice. At Halceni, birds have feeding conditions even during the winter, since the water hardly freezes because of the extended OWA water surface. On the other hand, at Vladeni, because it is small and with low WH, the number of birds is reduced. As a general observation, for the spring season there were not any correlations (see Table 4 ). We also did not find a significant correlation between environmental variables and diversity index of non-passerine birds. The data suggest that species richness may be influenced environmental variables, except for spring, and birds' abundance mainly during winter-time. The increase number of species richness was influenced by WA, WH and the decrease of species by OWA, as well in autumn (p=0.005) and in winter (except WA) (p<0.0001). Additionally, we found that species richness was best predicted by PD and PRD in summer (p=0.044), and also by LS for autumn (p=0.005) and winter (p<0.0001). Abundance was best predicted only in winter by PD, PRD and LS (p<0.0001). PD and PRD were positively correlated with species richness and abundance for these cases and with LS, negatively. Regarding weather, AT was the most important predictor for species richness in autumn (p=0.003) and winter (p=0.036), and for abundance, only in winter (p<0.0001), positively correlated with these.
Discussion
When it comes to the presence of bird species in wetlands with high heterogeneity, the highest bird diversity, and species richness were recorded in areas with one of the highest habitat heterogeneity and the largest area, as we found at Cârja. We believe that this is due to the fact that in these areas birds could find ecological niches large enough to breed and feed. This observation is different with the one published data by Picketta and Siriwardena in 2011 or Tews at al. 2004 , which suggested that some specialized bird species appear to avoid heterogeneous landscapes. In Cârja habitats are less fragmented but sufficiently wide to ensure suitable conditions for high species diversity. The lowest abundance rate was in Cârja. We believe that this is due to two factors: 1. there is extensive human habitation near the lake Carja, roughly six times more numerous than Larga Jijia (as is observed in Fig. 2) ; 2. there is intensive fish farming in the water basins and the workers here are constantly chasing-out the birds to protect the schools of baby-fish. In addition, the wetland in Cârja has the smallest open-water area, resulting in a reduced feeding surface compared with other areas. The combination of these factor results in the birds visiting the water zone infrequently, for a brief period, and in small groups.
The highest non-passerines abundance was found in Larga Jijia, where there are vast open water surfaces and a balance between the habitats, far from human habitation and where humans have limited access (the numbers in table 1 support this).
The Hălceni wetlands have a large water-basin, deep waters with scarce emergent vegetation, an ideal habitat for birds to migrate and stay during winter. Hălceni wetlands have deep water on the open-water areas, which ensures a high thermic inertia, so the water is less likely to freeze, offering a warmer environment for feeding during the winter.
Our data show that Vlădeni wetland is suitable for few birds compared to other wetlands during breeding, migration, and spending time there over-winter, because it is too small.
Comparing and contrasting the bird assemblages in studied areas, we observed that the ideal habitat has a balance between OWA and it is covered by vegetation areas or those dominated by emergent vegetation, as proven by the findings from Larga Jijia or Carja, respectively. There is an assumption (González-Gajardo et al. 2009) that birds need a certain physical open-space for feeding, and another vegetation-covered space for getting cover in case of danger and nesting.
Even so, we believe that the ecological group and the season are important in concordance with what Katayama et al., 2014, has mentioned. The larger the ecological spectrum of the bird group is (as GT and W), the more present it is in all the wet areas, where there is not only a larger proportion of OWA, where they feed, but also of reed where they cover. The more depended it is of reed (WF and HE) while nesting, the more they will look for areas dominated by reed (Carja and Vladeni), or in which there is an equilibrium between VC and OWA (Larga Jijia).
Apart from the importance of wetlands and of the ecological groups that are present there, the environment variables act upon the presence of birds depending on the season. WA, WH and OWA were important to bird species in our results. Other studies confirm that WA and WH area are essential for birds (Fairbairn and . The spring migration is very fast, birds try to find their nesting area, which for most of them are further north than our study areas, so that wetland features does not have a considerable influence on the presence of the birds. The bird species prefer the habitat that is important for their nesting period. During the breeding period, bird species showed specialised behaviour by selecting favourable habitats (Batt et al. 1992) , while during other seasons, they are typically generalists. During autumn-time, species number increases with increased wetlands surface and heterogeneity, and with a reduced openwater surface, but they do not go where OWA is dominated, unlike their behaviour in the cold season. During winter-time the bird species richness is related to smaller OWA, surrounded by emergent vegetation and provide shelter and food for a lot of individuals. In the meantime, a bigger diversity of habitats with emergent vegetation gives shelter during extremely wintry weather and fierce winds.
Our results show that landscape model is important in summer, autumn, and winter, supporting earlier observations that wetlands characteristics are more influential in these three seasons. It appears that during the spring the landscape model does not influence birds' search for preferred habitat, or they are quickly passing by towards more northern nesting areas. The degree of habitat fragmentation does not seem to be relevant, because the rule of the first male that comes is respected in delimiting the nesting territory. Birds do not have enough time to search for preffered habitat, being more focused on feeding and flying fast, further to the breeding area.
During summer and winter, the number of birds' species increases with increased PD and PRD and habitat types, as Andrén 1994 previously described. He said that not only the size and isolation of a patch is significant, but also the surrounding habitats. The number of species and the abundance are dwindling , but it appears that climatic variables may play an influential role in explaining bird assemblages (Triviño et al. 2011) . Temperature influence birds' assemblage through complex pathways of biotic interactions involving effects on resource levels, population densities, competition, predation, and can decide local species densities (Lennon et al. 2000) . Our results show the key role of weather temperature during autumn and winter. The autumn migration happens during a larger period of time, from August to November, and birds may survive several days in conditions of cold and rain, without feeding, during chilly air and advection fog, which are common in this period. During mild weather, migratory birds stop their migration for feeding and moulting and they move towards south, just before severe weather conditions arrive.
The winter has a harmful effect on the bird abundance, when the lakes are usually frozen, and the number of species using open water dwindles dramatically. It should be noted that recent increases in streamflow during the winter for Romania (Bârsan et al. 2014) tends to reduce the frozen periods of the lakes in winter which can have a major impact on birds.
However, we must emphasize as a firm conclusion that temperature plays on its own a leading role for species richness and abundance. The air temperature influences the number of species along the biologic cycle (Newton 2007) . In northern hemisphere, the weather is harsh due to day-to-day weather changes, therefore birds that come from wintering areas could be affected (Newton 2007) , as well as in autumn when they move towards south. Also, very low or elevated temperatures during summer can increase bird mortality, especially that of juveniles (Newton 2007 ). The air temperature plays a very important role as mentioned by Gauthreaux et al. 2005 , due to the correlation between air pressure and precipitation. In this manner, low pressure systems generate high amount of precipitation which can slow the birds' migration leading mainly to a decrease of time intervals available for feeding. This is very possible in our study area especially in November, a month well known for the high frequency of Mediterranean cyclones (Sfîcă and Garaba 2014).
WA, WH, proportion of OWA, PD and PRD, LS and weather conditions appear to exert a considerable influence on bird assemblages in the wetlands of Eastern Romania. Bird studies prove that vegetation physiognomy positively is important to species diversity (Tews et al. 2004 ). Special attention should be given also to the habitat categories that delimitate the wetlands. A limited degree of land fragmentation can lead to higher reproductive success for birds (Stephens et al. 2003) . Since reed-beds are important habitats for several bird species, and abundance of these species appears to be influenced by vegetation structure (Báldi 2006; Paracuellos 2008; Dallimer et al. 2012) , in bird conservation efforts, it is essential to maintain a degree of heterogeneity in wetlands, but at the same time not to cause a higher degree of landscape fragmentation.
In summary, our results suggest that the link between habitat characteristics and birds' assemblage, in our study areas could be dependent on the presence of the emergent vegetation (shelter / reproduction zones), the balance between open-water area (feeding / nesting zones) and other variables as the presence of the human living facilities and/or intensive fish nurseries in the neighbouring zones.
Our results support the notion that there is a strong need for monitoring the East-European wetlands, where human habitation and industrial activities are different than in other areas of the world. Such studies would bring valuable information about the ecologic factors influencing bird lives, resulting in better conservation efforts and wetland protection.
